Adverse social and welfare implications of mixing dairy cows or separating calves from their 24 mothers have been documented previously. Here we investigated the behavioral and 25 physiological responses of individuals remaining after conspecifics were removed. We 26 conducted a series of four experiments incorporating a range of types of different dairy cattle 27 groupings (Experiment 1[E1], 126 outdoor lactating dairy cows; Experiment 2 [E2], 120 28 housed lactating dairy cows; Experiment 3 [E3], 18 housed dairy calves, and Experiment 4 29
out on 34 to 39 (SD = 1.7) occasions, for each of the 7 focal animals, over 9 d in three 150 differing locations: the paddock, order of entry into the milking parlor and during feeding. 151 Recordings in the paddock were conducted between 0900 to 1300 h (with at least 1 h between 152 recording sessions) on 21 to 24 (SD = 1.1) occasions/cow over 9 d. Order of entry into the 153 milking parlor recordings were carried out on 3 to 5 (SD = 0.9) separate occasions per cow at 154 the p.m. milking, with the cow on either side of each focal cow recorded. Cows at the end of 155 a milking row had only one recorded neighbor. Feeding recordings followed the methodology 156 described by Cooper et al. (2008) , with cows each observed on 8 to10 (SD = 0.8) occasions 157 across 9 d between 1300 to1500 h, following the delivery of the afternoon feed ration. The 158 two nearest-neighbors on either side of each focal cow were recorded and considered feeding 159 partners, providing they were within a distance of 1 cow length. If a cow was at the end of the 160 feeding line she was considered to only have one feeding partner. Observations were carried 161 out in these three locations as these were the only locations that the cows had access at set 162 times across a 24 h day.
164
Selection of Experimental Subjects. To allocate subjects to an associate or a non-165 associate group we used the near-neighbor recordings to identify the 10 individuals that 166 displayed the greatest (associate), and the 10 individuals that displayed the weakest (non-167 associate), association to the 7 individuals identified for removal. Probability theorem was 168 used to establish that these interactions did not occur by chance (see statistical analysis 169 section). The number (n = 10) of individuals allocated to both the associate and non-associate 170 groups was determined from the natural social structure of cattle which is reported to be a F o r P e e r R e v i e w 8 mean group size of 10-11 individuals (Bouissou et al., 2001) . The 20 selected cows had mean 172 age of 6.1 ± 1.8 (SD) yr and weight of 577 ± 144.5 (SD) kg. The mean milk yield per 173 experimental cow was 27.1 ± 7.9 (SD) L per day during the course of the experiment. 174 Stocking density after removal was 60 cows per ha. (Table 1) was developed based on previous 177 studies ( Krohn, 1994; Fröberg and Lidfors, 2009; Fogsgaard et al., 2012) . Behavioral 178 observations were carried out by three trained observers, two of whom were recording at any 179 one time. Observations were made continuously using focal animal sampling for each of the 180 20 cows, at 1h intervals, for a 10 min per cow duration. Cows were recorded in the same 181 order each time. Observations were carried out continuously for 8 d between morning and 182 afternoon milking from 0800 to 1500 h (70 min per day/per cow), 4 d being before removal 183 of designated cows (d -5, -3, -2, -1) and the remaining 4 d after removal (d +1, +2, +3, +4).
184
Removal took place at 1900 h, therefore the first observations after separation began after 185 13h post separation. robot milked herd n = 3), with a mean age of 3.8 ± 0.84 (SD) yr, were identified for removal 206 due to imminent dry-off and forthcoming parturition. Stocking density after removal in E2 207 was 0.11 cow per m 2 for both the parlor milked and robot milked herds. An additional subset 208 of 5 individuals (parlor milked herd n = 2; robot milked herd n = 3), with a mean age of 4.6 ± 209 1.1 (SD) yr, were randomly selected to aid establishment of a control group. Nearest neighbor 210 distances were determined for all 10 cows prior to removal of the subset of 5 individuals 211 mentioned above. The near neighbor observations were carried out in loose housing area 212 which included the feed bunk (Figure 1) utilizing the methodology described in E1, with the 213 exception that to be considered a near-neighbor the cow had to be within 1 cow length of the 214 focal animal (rather than three) due to the more intensive housing conditions. Observations 215 were not carried out separately during milking or at the feed bunk, as was done in E1, due to 216 the use of the robot milking system and the inclusion of the feed bunk in the loose housing 217 area. Near-neighbor observations were carried out on 12 occasions at 1300; 1900; 2400 and 218 0500 h across three consecutive days. These occasions represented even distribution across 219 each 24 h period whilst also incorporating a 2 h period after milking (parlor side) and feeding 220 before the start of an observation session. milkers n = 12) were selected as outlined below and divided into two groups of 10. Selection 224 utilized near-neighbor recordings to first identify the 10 individuals that displayed the 225 strongest association to the 5 individuals signaled for subsequent removal. These 10 226 individuals formed the associate group (mean age 3.3 ± 1.4 (SD) yr). To create a non-227 associate group, 5 individuals from the herd (other than those signaled for removal) were 228 selected at random and the 10 individuals with the strongest near neighbor association to 229 these formed the non-associate group (mean age 4.0 ± 1.10 (SD) yr). This method of 230 selection differed from E1 to control for the possibility that our methodology in E1 may have 231 inadvertently selected cows that were less sociable to all cows, not just the removed cows.
232
Hence in E2 we chose cows that were equally sociable, but to different cows, for our non-233 associate group. Netherlands) fed at levels up to 8 L/d at 8 wk of age, obtained from an automatic milk feeder.
255
Levels of milk intake were not recorded. Hay was provided ad libitum and pellets (Saldus Montgomery, Texas, USA) and incubated at room temperature for 60 min diluted to 1µg/mL 312 in carbonate-bicarbonate buffer at pH 9.5. Plates were washed five times with wash solution 313 (50mM/L Tris, 0.14M/L NaCl, 0.5ml/L Tween20, dH20). Plates were then blocked for 30 314 min at room temperature with 200 µl/well of blocking solution (50mM/L Tris, 0.14M/L 315 NaCl, dH20, 1% BSA) added to each well and incubated at room temperature for 30 min.
316
Plates were washed five times and 100µl/well of diluted standards or samples were added.
317
Then 1.5µl of sample was diluted in 1.5mL of diluent, based on the expected concentration (Table 1) In E1, one cow was removed from analysis due to sickness in the final days of observation.
392
Based on the number of times the focal (removed cow) was seen with one of the associate 393 cows, the probability of association for each of the focal (removed) cows was follows: Focal 394 cow (FC) 1 = 0.03, FC2 = 0.01, FC3 = 0.01, FC4 = 0.04, FC5 = 0.01, FC6 = 0.01, FC 7 395 =0.0002. None of the non-associate cows were recorded with the focal cows on more than 396 one occasion. The chance that any 2 cows would be observed together on 2 or 3 occasions 397 were small, 0.025 and 0.0035, respectively, therefore the nearest neighbor associations were 398 considered real and not by chance. There was an increase (F = 9.47, df = 1, P = 0.003) in time 399 spent eating (Table 2) after the separation, with no difference between the response of 400 associate and non-associate cows (P = 0.96), which suggests that the removal of cows 401 influenced remaining cows' eating behavior independent of measured associations between 402 individuals ( Table 2 ). There were no differences (P ≥ 0.24) in time spent standing, walking, 403 lying, sleeping, ruminating or butting after separation (Table 2) . There was no effect of day 404 (P >0.05) on time spent performing any of the recorded behavior.
406
In E2, there was also an overall increase (F = 4.37, df = 1, P = 0.04) in time that remaining 407 cows spent eating (Table 3) after separation, however, this was only in the non-associate 408 cows (Tukey P = 0.02), not the associate cows (Tukey P = 0.99). There was no change (P ≥ 409 0.34) in time spent in any other behavior after separation (Table 3) . There was no effect of 410 day (P > 0.05) on the occurrence of any behavior recorded. In E3, a reduction in ruminating behavior was observed after separation (F = 7.97, df = 1, P = 413 0.007) (Table 4) , with no change in time spent in any other behavior after separation. There 414 was no effect of day (P > 0.05) on the occurrence of any behavior recorded in E3.
416
In E4, a decrease in eating was observed after separation in E4 (F = 4.94, df = 1, P = 0.037) 417 (Table 5) . Walking was increased on d+1 following separation, compared to d+3, +5, +7, -7 418 and -1 (F = 7.63, df = 6, P < 0.0001; all Tukey tests P ≤ 0.02) ( Figure 2 ). An effect of day There was an increase in IgA over the first 6 days after separation in both E3 (mean before 427 separation = 68.2 mg/dL; mean after separation = 83.7 mg/dL; SED = 0.78 mg/dL; F = 93.58, 428 df = 1 P = 0.01) and E4 (mean before separation = 56.0 mg/dL; mean after separation = 88.3 429 mg/dL; SED = 3.96 mg/dL; F = 27.80, df = 1 P = 0.03) (Figure 3a and 3b) . The regression 430 equations, with adjusted r 2 and P values for the coefficients for day, were: (Kabuga, 1992) and different types of separation, e.g. dividing a feed 460 trough with protective barriers, have been used to improve the feeding time of subordinate 461 cows (Bouissou et al., 2001) . In E2 removed cows were on average six months older than the 462 remaining associate cows. It is also possible that this increase could have resulted from more 463 space being available at the feed trough or that the cows were more active, resulting in 464 increased energy expenditure and subsequently intake requirements. However, this was not 465 supported by increased time spent walking.
467
In E1, the increase was observed in both the non-associate and associate groups and suggests 468 a herd effect. It was evident that the cows in the non-associate group did not associate with 469 the removed cows nor did they associate much with all other cows. Hence the decision was 470 made to change the non-associate group in E2 to be cows that associated with the same 471 frequency with cows that were not removed. In this instance the increase in feed intake was 472 confined to these non-associate cows, which may suggest feeding behavior in the associate increased fear in either feeding or explorative situations when exposed to urine from stressed 491 conspecifics and show a lower tendency to feed in the presence of a stressed partner, than in 492 the presence of an unstressed one (Boissy et al., 1998) . In the present study it is possible that 493 individuals in the associate groups E1 and E2 did not show overt behavioral signs of social 494 stress because the majority of the group did not experience social separation or display 495 behavioral changes. In E3 and E4 we observed behavioral changes that are more commonly associated with social 508 stress. In E3 and E4 ruminating and eating times were reduced, respectively. Unlike the first two experiments, in E3 and E4 the groups were less fluid and the majority of group members 510 were removed so that the remaining group members (e.g. E3 n=9, E4 n=4) experienced a 511 more similar situation to previous isolation studies where one or a small number of 512 individuals are isolated from a larger group (von Keyserlingk et al., 2008) . Consequently, 513 remaining peers may not have been present in large enough numbers to effectively buffer the 514 negative effect of separation, and previous experiences of separation may not have occurred 515 with enough frequency to facilitate habituation. Following regrouping, calves housed in large 516 groups (group size n=16) have been shown to modify their behavior to indicate improved 517 welfare, compared to calves housed in small groups (group size n=4) (Faerevik et al., 2007) .
518
Furthermore, in E3 feed intake was restricted by automated feeding equipment which may 519 explain why a reduction in rumination was observed and not feed intake.
521
The possibility that the behavioral observations in E3 and E4 were indicative of stress is 522 supported by the approximately linear increase in IgA observed up to 6 days after separation.
523
Although more research is required to confirm the comparative IgA concentrations in bovine 524 milk versus serum, published research in other mammal species including, sows, dogs and 525 rats, has demonstrated that milk is rich in IgA (e.g. Heddle and Rowley, 1975; McGhee et al., 526 1975; Klobasa et al., 1987) . One study by Näslund et al., (2000) demonstrated a high 527 correlation between IgA titres in milk and serum, supporting the possibility of milk acting as 528 a non-invasive alternative to serum. Additionally, IgA levels in milk appear to be consistent 529 across lactational stages (Näslund et al., 2000) . This suggests that it was the experimental 530 design (group size and separation), rather than the substrate within which IgA was quantified, 531 that was responsible for the observed (or lack of) changes in IgA after removal. Conversely, 532 as we did not include a control in this study we cannot conclusively rule out the possibility 533 that other variables (e.g. age, health status or environmental changes) may account for the We also measured cortisol both between groups and before and after removal and found no 539 significant changes, which may be because social separation is a chronic stressor. Cortisol 540 has previously been used as a measure of the physiological impact (through HPA arousal) of 541 social separation in a range of species and across a range of social relationships (Hennessy, 542 1997). These have predominately involved brief separations and have not always resulted in 543 activation of the HPA system (Hennessy, 1997) . As serum collection was obtained more than 544 12 h after removal in the present study, it is possible that HPA arousal had occurred but 545 ended. Cow uses head to head or head to body contact in an attempt to physically push another cow, or cause a cow to rise from lying position.
Other Groom -Auto 2,3,4 Rubbing parts of the body or head against other body parts or fixtures of the stall (including automated groomer), or licking body parts. 3, 4 Rubbing parts of the body or head against another individually or licking the other individual. 
